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httpcense.Abstract Aim of the work: To study the diagnostic utility of real-time ultrasound elastography
(USE) in predicting malignancy in thyroid nodules.
Materials and methods: Forty-ﬁve patients with solitary solid thyroid nodules were included in this
study. The thyroid nodules were examined by B-mode ultrasound, color ﬂow Doppler ultrasound,
and real-time ultrasound elastography (USE). The ﬁnal diagnosis was obtained from histopathol-
ogical ﬁndings. Tissue stiffness on USE was scored from 1 (low stiffness over the entire nodule) to 6
(high stiffness over the entire nodule and surrounding tissue).
Results: Twenty-eight (62.2%) patients had a ﬁnal diagnosis of malignancy based on histopathol-
ogical evidence of malignant thyroid nodules, while 17 (37.8%) were diagnosed as benign nodules.
Anteroposterior/transverse (AP/T) diameter more than 1 cm, ill-deﬁned margins and spot micro
calciﬁcations were the most predictive conventional ultrasound patterns of malignancy. Elasticity
score of 4–6 was highly predictive of malignancy (P< 0.0001), with a sensitivity of 89.3%, a spec-
iﬁcity of 88.2% and an accuracy of 88.9%.
Conclusion: Ultrasound elastography is an accurate non invasive tool for evaluating thyroid nod-
ules. It has more appropriate value in the differential diagnosis of thyroid malignancy and enhances
the diagnostic assurance of ultrasonographers.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Thyroid nodules are very common and are found in 4–8% of
adults by palpation, and 41% by ultrasound (1). The challenge
of managing thyroid nodules is to reassure patients with be-
nign disease and to diagnose patients with malignant disease
(2). Advances in medical imaging has increased the number
of thyroid nodules being detected (3), however no ultrasound
feature has both high sensitivity and high speciﬁcity in detect-
ing malignancy of thyroid nodules (4,5).
Real-time ultrasound elastography (USE) is a non invasive
dynamic technique that determines tissue stiffness and hardness.Production and hosting by Elsevier B.V. All rights reserved.
.12.006
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tion of an external force based on the principle that the softer
parts of tissues deform easier than the harder parts under exter-
nal compression, aiming at differentiating malignant from be-
nign lesions (6,7). This technique can accurately evaluate
superﬁcial tissues such as the breast, prostate, scrotum, neck
and thyroid (8,9). The real-time display presents a near immedi-
ate color ‘elastogram’ superimposed on the B-mode image (10).
On the elastogram, different color modes imply different tissue
stiffness, thereby offering added information with respect to dif-
ferentiation between benign and malignant lesions (11,12).
The aim of the present study was to evaluate the diagnostic
utility of real-time ultrasound elastography in differentiating
benign from malignant thyroid nodules depending on estima-
tion of tissue stiffness by measuring the degree of distortion
under the application of an external force.
2. Materials and methods
This study was carried out in the Radiodiagnosis Department
of Tanta University in the period from October 2010 to
September 2011. The study included 45 patients with solitary
solid thyroid nodules, referred for surgical treatment. All pa-
tients underwent surgery, and the ﬁnal diagnosis was based
on the results of histopathological examination of the removed
thyroid gland tissue. All cases with multiple nodules, cystic
nodules, and nodules with extensive macrocalciﬁcations were
excluded. An ofﬁcial permission to carry out the study was ob-
tained from the local medical research ethics committee. Pa-
tient consent to participate in the study was obtained.
2.1. Conventional thyroid ultrasound imaging and real-time
ultrasound elastography
Both conventional ultrasound imaging and real-time ultra-
sound elastography were performed in a single session with
an elastography-compatible linear probe of 10–12 MHz fre-
quency (Voluson E8; GE Healthcare Technologies, Milwau-
kee, WI, USA). The patient was positioned in a supine
position with slightly extended neck over a pillow. We initially
obtained conventional B-mode ultrasound images of the thy-
roid nodules for all patients.
The following parameters were used for conventional B-
mode assessment: AP/T diameter (61 or >1 cm), echogenicity
(hyperechoic, isoechoic, or hypoechoic with respect to normal
thyroid parenchyma), presence or absence of the halo sign,
spot microcalciﬁcations (presence of hyperechoic spots less
than 2 mm, without acoustic shadowing), margins (smoothTable 1 Elasticity score (14).
Score Characteristics
1 Low stiﬀness over the entire nodule; the entire nodule
2 Low stiﬀness over most of the nodule; the nodule is alm
3 Low stiﬀness at the periphery, high stiﬀness in the cente
part is green
4 High stiﬀness over most of the nodule; the nodule is al
5 High stiﬀness over the entire nodule; the entire nodule
6 High stiﬀness over the entire nodule and surrounding twell deﬁned, blurred, or irregular), and color-ﬂow Doppler
pattern classiﬁed as follows: type I (absent blood ﬂow), type
II (perinodular and absent intranodular blood ﬂow), and type
III (intranodular blood ﬂow) (4,13).
During the US examination, elastographic measurement
was performed with the same real-time instrument and the
same probe. The probe was placed on the neck with light pres-
sure. A box which included the nodule and sufﬁcient surround-
ing thyroid tissue as a region of interest (ROI) was highlighted
manually and carefully evaluated. Two ultrasound images (be-
fore and after tissue compression by the probe) were acquired.
To provide an accurate measurement of tissue distortion, a
dedicated software [combined autocorrelation method
(CAM); GE Health Care Technologies] was used. The resul-
tant elastogram was displayed over the B-mode image and as-
sessed using a color scale. The elastograms thus obtained were
classiﬁed into 6 patterns according to the elasticity score
(Table 1) (14). As it is important to maintain a constant level
of pressure throughout the examination and to reduce the in-
ter-examiner and intra-examiner variability, a standardized
external compression was applied to the neck by using real-
time measurements displayed on an indicator-bar with a
numerical scale (graded from 1 to 5) which gives a feedback
on the compression quality.
Samples from the obtained images of conventional US,
color-ﬂow Doppler and USE studies were reported and re-
ferred as cases (cases and their ﬁgures, Figs. 1–8).
2.2. Statistical analysis
The SPSS for Windows version 18.0 software package (SPSS
Inc., Chicago, IL) was used for statistical data analysis. Data
were expressed as mean ± SD. The ultrasonographic results
obtained were compared using the chi-square and ROC curve
(Receiver Operating Characteristic curve analysis). The diag-
nostic sensitivity, speciﬁcity, PPV, and NPV were calculated,
with the ﬁnal histopathological diagnosis as the reference stan-
dard. P< 0.05 was considered statistically signiﬁcant.
3. Results
Forty-ﬁve patients (33 females and 12 males) with a single solid
thyroid nodule were included in this study. Their ages ranged
from 25 to 70 years with a mean of 46.9 ± 11.2 years. The
diameter of the nodules ranged from 0.5 to 3.8 cm with a mean
of 2.42 ± 1.36 cm. Twenty-eight (62.2%) patients had a ﬁnal
diagnosis of malignancy based on histopathological evidence
of malignant thyroid nodules, while 17 (37.8%) were diag-is evenly shaded green, as is the surrounding thyroid tissue
ost completely green but with some blue spots
r of the nodule; the central part of the nodule is blue; the peripheral
most completely blue but with some green spots
is evenly shaded blue
issue; both the nodule and surrounding area are blue
Table 3 Sensitivity, speciﬁcity, PPV, NPV and accuracy of conventional US, color-ﬂow Doppler and real-time USE ﬁndings.
Parameter Sensitivity
(%)
Speciﬁcity
(%)
PPV
(%)
NPV
(%)
Accuracy
(%)
Ill-deﬁned margins on conventional US 85.7 82.4 88.9 77.8 84.4
Hypoechogenecity on conventional US 53.6 64.7 71.5 45.8 57.8
Halo sign on conventional US 85.7 64.7 80.0 73.3 77.8
AP/T diameter >1 cm on conventional US 85.7 88.2 85.7 88.2 86.7
Spot microcalciﬁcations on conventional US 69.9 82.4 86.4 60.9 78.3
Intranodular blood ﬂow (Type III vascularization) on
color-ﬂow Doppler
67.9 58.8 73.1 52.6 64.4
Real-time USE scores 4–6 89.3 88.2 92.6 83.3 88.9
PPV= positive predictive value.
NPV= negative predictive value.
Table 2 Distribution of benign and malignant thyroid nodules on conventional US, color-ﬂow Doppler and real-time USE.
Parameter Benign (n= 17) N (%) Malignant (n= 28) N (%) Total N (%) P-value
Ill-deﬁned margins on conventional US
Present 3 (17.7) 24 (85.7) 27 (60.0) 0.001
Absent 14 (82.4) 4 (14.3) 18 (40.0)
Hypoechogenecity on conventional US
Present 6 (35.3 15 (53.6) 21 (46.7) 0.356
Absent 11 (64.7) 13 (46.4) 24 (53.3)
Halo sign on conventional US
Absent 6 (35.3) 24 (85.7) 30 (66.7) 0.001
Present 11 (64.7) 4 (14.3) 15 (33.3)
AP/T diameter
>1 cm 4 (23.5) 24 (85.7) 28 (62.2) 0.001
61 cm 13 (76.5) 4 (14.3) 17 (37.8)
Spot microcalciﬁcations on conventional US
Present 3 (17.7) 19 (67.9) 22 (48.9) 0.002
Absent 14 (82.4) 9 (32.1) 23 (51.1)
Intranodular blood ﬂow (Type III vascularization) on color-ﬂow Doppler
Present 7 (41.2) 19 (67.9) 26 (57.8) 0.121
Absent 10 (58.8) 9 (32.1) 19 (42.2)
Real-time USE scores
Scores 4–6 2 (11.8) 25 (89.3) 27 (60.0) 0.000
Scores 1–3 15 (88.2) 3 (10.7) 18 (40.0)
AP/T diameter = anteroposterior/transverse diameter.
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Tables 2 and 3.
3.1. Conventional ultrasound
On conventional ultrasound; 27 (60%) nodules had ill-deﬁned
margins, 21 (46.7%) were hypoechogenic, 15 (33.3%) with
halo sign, 28 (62.2%) had an AP/T diameter more than
1 cm, 22 (48.9%) nodules had spot microcalciﬁcations, and
26 (57.8%) nodules were classiﬁed as color Doppler type III.
The AP/T diameter more than 1 cm (sensitivity 85.7%;
speciﬁcity 88.2%, PPV 85.7%, NPV 88.2% and accuracy
86.7%; P= 0.001), ill-deﬁned margins (sensitivity 85.7%;
speciﬁcity 82.4%, PPV 88.9%, NPV 77.8% and accuracy
84.4%; P= 0.001), and spot micro-calciﬁcations (sensitivity
67.9%, speciﬁcity 82.4%, PPV 86.4%, NPV 60.9% and accu-racy 78.3%; P= 0.002) were the most predictive ultrasound
patterns of malignancy.
3.2. Real-time ultrasound elastography (USE)
The following elasticity scores were recorded when real-time
USE was done: a real-time USE score of 1 was found in 5 cases
(all were benign lesions); a score of 2 was found in 6 cases (ﬁve
were benign and one was malignant); a score of 3 was found in
7 cases (5 benign and 2 malignant); a score of 4 was found in
20 cases (2 benign and 18 malignant); a score of 5 was found in
4 cases (all are malignant); and a score of 6 was found in 3
cases (all are malignant). An elasticity score of 4–6 was, there-
fore, highly predictive of malignancy (P< 0.0001), having a
sensitivity of 89.3%, a speciﬁcity of 88.2%, PPV of 92.6%,
NPV of 83.3% and total accuracy of 88.9%.
36 R.E. Mohamed, K.A. AbodewanCases:Fig. 1 (A, B, C, and D) Case 1: Twenty-nine year-old female patient with solitary solid nodule of the left thyroid lobe conﬁrmed to be
papillary adenoma by histopathology. Conventional B-mode ultrasound images (A and C) show a hypoechoic nodule of the left thyroid
lobe measuring 2.0 · 1.2 cm. with well-deﬁned outlines and surrounding thin hypoechoic halo. No micro-calciﬁcations are seen. Color-
ﬂow Doppler ultrasound image (B) shows perinodular blood ﬂow without intranodular blood ﬂow (Doppler pattern type II). Real-time
USE image (D) reveals elasticity score of 1.
Fig. 2 (A, B, C, D, and E) Case 2: Thirty-ﬁve year-old female patient with solitary solid nodule of the right thyroid lobe conﬁrmed to be
papillary adenoma by histopathology. Conventional B-mode ultrasound images (A and D) show a well-deﬁned isoechoic nodule in the
right thyroid lobe measuring 3.0 · 1.4 cm with surrounding regular hypoechoic halo and without micro-calciﬁcations. Color-ﬂow Doppler
ultrasound image (B) and real-time USE images (C and E) show perinodular and slight intranodular blood ﬂow (Doppler pattern type III)
with elasticity score of 2.
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Fig. 4 (A and B) Case 4: Sixty-two year-old male patient with solitary solid nodule of the right thyroid lobe conﬁrmed to be
adenocarcinoma by histopathology. Thyroid nodule images obtained on conventional B-mode US (A) and real-time USE (B) show a
heterogeneous isoechoic nodule measuring 2 · 1.6 cm in the right thyroid lobe with surrounding thin blurred irregular halo. Two small
areas of necrosis and few tiny foci of micro-calciﬁcations are seen within the nodule. It had an elasticity score of 2.
Fig. 3 (A, B, and C) Case 3: Sixty-eight year-old male patient with solitary solid nodule of the right thyroid lobe conﬁrmed to be
follicular adenoma by histopathology. Conventional B-mode ultrasound images (A and B) show an isoechoic heterogeneous nodule
measuring 3.6 · 2.4 cm, with surrounding thin hypoechic halo and without micro-calciﬁcations. Real-time USE image (C) reveals elasticity
score of 2.
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Fig. 6 (A, and B) Case 6: Sixty-nine year-old male patient with solitary solid nodule of the right thyroid lobe conﬁrmed to be papillary
carcinoma by histopathology. Conventional B-mode ultrasound image (A) and real-time USE image (B) show a heterogeneous
hypoechoic nodule of the right thyroid lobe measuring 2.3 · 1.8 cm with blurred irregular outline, absent halo sign and tiny micro-
calciﬁcations. It has elasticity score of 3.
Fig. 5 (A, B, and C) Case 5: Forty-three year-old male patient with solitary solid nodule of the left thyroid lobe conﬁrmed to be
follicular carcinoma by histopathology. Conventional B-mode ultrasound images (A and B) show heterogeneous hypoechoic nodule
occupying the left thyroid lobe, measuring 3.8 · 2.4 cm with blurred outlines and absent halo sign. Few tiny spots of micro-calciﬁcations
and minute area of necrosis are seen. Real-time USE image (C) reveals elasticity score of 3.
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Fig. 7 (A, B, C and D) Case 7: Fifty-two year-old female patient with solitary solid nodule of the right thyroid lobe conﬁrmed to be
papillary carcinoma by histopathology. Conventional B-mode ultrasound images (A and C) show a hypoechoic nodule of the right thyroid
lobe measuring 1.5 · 1.2 cm with irregular outline and absent halo sign. Tiny punctuate micro-calciﬁcations are seen. Color-ﬂow Doppler
ultrasound image (B) shows perinodular and marked intranodular blood ﬂow (Doppler pattern type III). Real-time USE image (D)
reveals elasticity score of 4.
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Fig. 8 (A and B) Case 8: Twenty-seven year-old female patient with solitary solid nodule of the left thyroid lobe conﬁrmed to be
follicular adenoma by histopathology. Thyroid nodule images obtained on conventional B-mode US (A) and real-time USE (B) show a
well-deﬁned nodule with mixed echogenicity measuring 2.2 · 1.8 cm of the left thyroid lobe with surrounding hypoechoic regular halo and
with no micro-calciﬁcations. It had an elasticity score of 4.
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The ability of thyroid US to differentiate benign from malig-
nant lesions has been investigated through several studies
(15,16). As compared with ﬁne needle aspiration, thyroid US
has the advantage of being a non invasive procedure and giv-
ing immediate information (16).
Conventional ultrasound provides information regarding
the risk of malignancy, such as hypoechogenicity, blurred mar-
gins, micro-calciﬁcations, an AP/T diameter of 1 cm or more
and intra nodular vascularity. Morphological changes are usu-
ally lacking in malignant thyroid nodules less than 1 cm in
diameter, which is a problem if using conventional US alone
for helping diagnosis (13).
The sensitivity, speciﬁcity, PPV and NPV for these criteria
are extremely variable from one study to the other (5). Our
study revealed that the ill-deﬁned margins, spot microcalciﬁca-
tions and AP/T diameter more than 1 cm were the most predic-
tive ultrasound patterns of malignancy. The AP/T diameter
more than 1 cm on conventional US had the highest sensitivity
(85.7%), speciﬁcity (88.2%), PPV (85.7%), NPV (88.2%) and
accuracy (86.7%). However, some other authors (14–16) re-
ported that hypoechogenicity of the nodule, spot micro calciﬁ-
cations and the absence of halo sign may be useful in
predicting thyroid malignancy. Additionally, Rago et al. (13)
stated that conventional US and color-ﬂow Doppler become
highly predictive of malignancy only when multiple patterns
are simultaneously present in a thyroid nodule. They also re-
ported that the predictive value of US increases only at the ex-
pense of its sensitivity, and malignancy is predicted with high
speciﬁcity by thyroid US only in less than 20% of patients (13).The conventional US does not provide information regard-
ing hardness of the nodule. It is here that USE comes into play.
USE is useful in the differential diagnosis of solid nodules by
testing its elasticity. The thyroid gland is well positioned for
elastographic examination. It can be easily accessed and efﬁ-
ciently compressed against underlying anatomic structures
with an ultrasound probe. Elastography examines the mechan-
ical and elastic properties of the soft tissue, based on the com-
position and structural organization of the macromolecules.
Some pathological conditions induce considerable changes in
the soft tissue structure, modifying the elastic properties and
leading to increased stiffness as well as reduced mobility of
the involved tissue (17). In general, malignant solid nodules
have increased stiffness whereas the benign nodules have de-
creased stiffness which is reﬂected on elastogram maps.
Several previous studies have used ultrasound elastography
for evaluation of thyroid nodules (3,8,12). Many of them re-
ported variable sensitivity and speciﬁcity of USE for predicting
malignancy. Lyshchik et al. (18) reported 82% sensitivity and
96% speciﬁcity, Rago et al. (8) reported sensitivity of 97% and
speciﬁcity of 100%, and Tanaka et al. (12) showed sensitivity
of 89.1% and speciﬁcity of 59.4% for this technique. Luo
et al. (19) reported a sensitivity of 100% and a speciﬁcity of
75.6% in detecting malignant thyroid nodules by USE. They
used the carotid artery pulsations for production of thyroid
strain rate waveform instead of using the color scale and exter-
nal compression by the transducer. In the present study of 45
nodules with indistinct results on US, the USE showed a sen-
sitivity of 89.3%, a speciﬁcity of 88.2%, PPV of 92.6%, NPV
of 83.3% and accuracy of 88.9%. Therefore, USE can be used
to increase both the sensitivity and the speciﬁcity of US for the
42 R.E. Mohamed, K.A. Abodewandetection of malignant thyroid nodules, and so it seems to have
great potential as a new tool for the diagnosis of thyroid cancer
(20).
An elasticity score of 4–6 was highly predictive of malig-
nancy (P< 0.0001). The predictive utility of USE in our study
was worthwhile; scores 4–6 being found in 25 of 28 (89.3%)
patients having a ﬁnal diagnosis of malignancy and a score
of 1–3 in 15 out of 17 (88.2%) patients with an ultimate histo-
logical diagnosis of being a benign lesion. These values are
comparable with the values reported by Hong, et al., (1) who
found 43 of 49 (87.7%) malignant nodules had a score of 4–
6, and 86 of 96 (89.6%) benign nodules had a score of 1–3.
The trivial differences might be attributed to their larger num-
ber of patients and different technical procedures.
Malignant thyroid nodules such as papillary thyroid carci-
noma, the most common histological type of thyroid malig-
nancy, tend to be much harder than benign ones. Papillary
thyroid carcinoma has complex papillae with a central ﬁbro-
vascular stalk. Psammoma bodies and ﬁbrosis are often found
in them (17), all of which account for increased stiffness on
elastogram maps. Not all malignant tumor tissue has increased
stiffness and all benign tumors need not have increased elastic-
ity. In our study, 3 malignant nodules had low scores: follicu-
lar carcinoma – score of 3, papillary carcinoma – score of 3
and adenocarcinoma – score of 2. Benign nodules need not al-
ways have low scores – in our study 2 patients with follicular
adenoma had an elasticity score of 4. The gross anatomy
and cellular patterns of follicular carcinoma overlap with those
of benign follicular adenoma, and this kind of thyroid malig-
nancy can be differentiated from benign follicular adenoma
only when capsular or vascular invasion is discovered at histo-
logical examination (21,22).
Real-time USE is useful in the differential diagnosis of the
smaller nodules and could help in detecting thyroid malig-
nancy (23,24). Conventional US maintains a substantial
importance necessary to deﬁne which nodules are suitable
for the US elastographic characterization. Of course, nodules
in which US reveals the presence of calciﬁed shell have to be
excluded from the US elastographic evaluation because the
US beam does not cross the calciﬁcation, and the probe com-
pression does not result in tissue strain deformation. Similarly,
in cystic nodules, USE cannot give useful information, the
main determinant of nodule stiffness being the ﬂuid content,
and not the solid wall (23,24). For this reason, we selected
45 patients who had solid nodules for the analysis.
In summary, real-time USE is a hopeful non invasive imag-
ing technique that could give a hand in the differential diagno-
sis of single solid thyroid nodules that shows indeterminate
results on conventional ultrasound. It enhances the diagnostic
assurance of ultrasonographers and has more appropriate va-
lue in the differential diagnosis of thyroid malignancy. High
elasticity scores from 4 to 6 are the most predictive of malig-
nancy. The limitations of this study include small number of
patients. So, it is recommended to perform further extended
studies on a larger number of patients and to different thyroid
pathologies including multinodular and inﬂammatory thyroid
lesions so as to conﬁrm the results of the present study and
ascertain the diagnostic accuracy of this technique, in order
to discover carcinomas at an early stage to allow for rapid
management and to improve prognosis.References
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